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© semiconductor Integrated circuit having a plurality of oscillation circuits. 



© A semiconductor integrated circuit, in particular 
a microcomputer, comprises a clock generating clr- 
cuit (CPG). The operation of the clock generating. 

a circuit (CPQ) is once stopped when the osallation 
output signals are to be selectively transmitted to the 
Wciock generating circuit via a multiplexer (MPX), the 
^oscillation output signals being generated by a first 
^oscillation circuit <0SC1) which perfom^s the oscilla- 
tf>tion operation at a relatively high frequency and by a 
Ssecond oscillation circuit (0SC2) which steadily per- 
forms the oscillation operation at a relatively low 
® frequency. Further, the dock generating operation is 
a. started in synchronism with the switched oscillation 
UJ output 
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SEMICONDUCTOR INTEGRATED aRCUIT HAVING A PLURAUTY OF OSCILLATION CIRCUITS 



The present Invention relates to a semiconduc- 
tor integrated circuit device, and more speciflcaily 
to technology that can be effectively utTHzed for a 
semiconductor Integrated circuit, device such as a 
one-chip miaocomputer having, for example, a 
time-keeping function. 

In an electronic desk-top cateulator constituted 
by a microcomputer and semiconductor integratton 
drcuits, provision Is made of an oscillation circuit 
using an oscillator such as quartz oscillator to pro- 
duce clock signals (hereinafter simply referred to 
as system ctocks) for operating the system. When 
such a data processing system is intermittently 
operated, ttie original oscillation is stopped and 
operations of the microprocessor and memory are 
temporarily stopped in order to reduce the con- 
sumption of electric power. For this purpose, a halt 
function is provWed to stop the system clock upon 
receipt of a control signal from an external unit or 
an instruction from tfie microprocessor. 

In the semiconductor integrated circuit device 
such as a microcomputer having timekeeping func- 
tion, however, the timekeeping function cannot be 
stopped if ttie oscillation circuit is commonly uti- 
lized for keeping the time and for the original 
oscillation; i.e.. It is not allowed to add ttie holding 
function. Therefore, ttiere has been proposed a 
microcomputer mounting a quartz oscillation drcuit 
of 32.768 KHz for timekeeping and a cheaply con- 
structed CR oscillation circuit or an oscillation cir- 
cuit using a ceramic oscillator for the original os- 
cillation (about 4 MHz). The microcomputer 
equipped witfi such two oscillation circuits has 
been described, for example, in "Hitachi 4-Bit 1- 
Chip Microcomputer System, HMCS 40 Series 
LCD-Ill. User's Manual", third edition. No. 4." 
Hitachi. Ltd., June. 1984. pp. 4 and 24-25. 

In ttie microcomputer, when the original oscilla- 
tion operation of tfie above-mentioned high fre- 
quency is stopped under the holding condition, the 
oscillation circuit on the side of tfie original oscilla- 
tion must be energized at least after every second 
to supply a system clock to the microprocessor in 
order to realize the timekeeping function. It was 
tfierefore found by the present inventors tfiat a 
stabilization waiting time becomes relatively long 
before ttie oscillation is resumed, and unstable 
oscillation operation of a high frequency takes 
place during ttiat moment consuming large 
amounts of electric power. 

It was furttier studied by tfie present inventors 
to form system clocks of a low frequency by 
switching into an oscillation output of tfie oscillation 
circuit for timekeeping during tfie halting operation 



(subactive). In tfiis case, it was found by tfie 
present inventors that frequencies of bask: dock 
pulses for timekeeping and of bask: clock pulses 
for tfie system do not establish a ratio of an Integer 

5 number such as about 32 KHz and about 4 MHz; 
Le.» osdllatfon operations are perfonned out of syn- 
chronism. Therefore, synchronism is not main- 
tained when tfie two docks are to be switched 
(active/subactive). and extremely narrow pulses SP 

w and undesirably wide pulses WP are fonned as 
system clocks as shown in Fig. 6. As a result tfie 
system may undergo enroneous operation when tfie 
clocks are to be switched 
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SUMMARY OF THE INVENTION 



The object of tfie present invention Is to pn> 
vide a semiconductor integrated drcuit device 
20 which is designed to operate stably consuming 
reduced amounts of electric power. 

The above and otfier objects as well as novel 
features of tfie present invention will become ob- 
vious from tfie description of the specification and 
25 the accompanying drawings. 

Among tfie inventions disclosed in ttie present 
appfication. a representative example will now be 
described briefly. That is. when osdllatfon output 
signals are selectively transmitted to a clock gen- 
30 erating circuit via a multiplexer, tfie osdllatfon out- 
put signals being generated by a first oscillation 
circuit whose osdilation operation of a relatively 
high frequency is controlled by predetermined con- 
trol signals and by a second osdilation drcuit 
35 which steadily performs the osdilation operation of 
a relatively low frequency, the clock^nerating op- 
erati'on Is started in synchronism witfi the osdilation 
output ttiat is switched via a mode which once 
stops the operation of tfie dock generating circuit 
^ For example, tfiere are provided a clock 
switching drcuit. a flag which designates which 
clock be used by ttie clock switching circuit and a 
flag which indicates whettier ttie clock selected by 
tile clock switching circuit be supplied to tfie sys- 
45 tem or not and wherein ttie flags are set according 
to an interrupt signal or a program instruction, a 
mode which once shuts off all ckx:ks (hereinafter 
refen^ed to as stop mode or watch mode) is nec- 
essarily passed tfirough when an ordinary opera- 
50 tion mode (hereinafter referred to as standard op- 
eration mode or active mode) is to be transferred 
to a mode of low power consumption (hereinafter 
referred to as low-power-consumption mode or 
subactive mode) or vice versa, and tfie docks are 
switched during tfiis moment. 
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According to the above-mentioned means, op- 
eration of the oscillation circuit which performs 
oscillation operation at a relatively high frequency 
is stopped as required and when the clock fre- 
quency is to be switched, the clock-generating 
operation is resumed in synchronism with an os- 
cillation frequency that is switched after the opera- 
tion of the clock generating circuit is once stopped. 
When the ctock pulses having dissimilar frequen- 
cies are to be switched, therefore, undestred hair- 
like ctock pulses are not produced and the opera- 
tion is carried out stabty. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 is a block diagram of an embodiment 
In which the present invention Is adapted to a 
single-chip microcomputer, 

Fig. 2 Is a diagram explaining the condltton 
of mode transition in a microcomputer to which the 
present invention is adapted; 

Rg, 3 is a btock diagram of another embodi- 
ment In which the present invention Is adapted to 
the single-chip microcomputer. 

Rg. 4 is a diagram of wavefomns for explain- 
ing the operation; 

Rg. 5 Is a diagram of status transition for 
explaining an example of the operation; and 

Rg. 6 is a diagram of waveforms for explain- 
ing the operation for switching the clock pulses that 
can be taken into consideration prior to the present 
invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

An embodiment in which the invention Is adapt- 
ed to a single-chip microcomputer will now be 
described in conjunction with Rgs. 1 and 2. 

Though there Is no partteular limitation, the 
circuit blocks sunrounded by a chain line A are 
formed on a single semiconductor chip such as a 
single crystalline silicon substrate. 

The single-chip microcomputer according to 
this embodiment Is equipped with two oscillatton 
circuits consisting of an oscillation circuit OSCi for 
generating system clocks and an oscillation circuit 
OSCa for generating timekeeping clocks. The os- 
cillation circuit OSCi is provided with a ceramic 
oscillator la which Is located on the external side 
and the oscillation circuit OSC2 is provided with a 
quartz oscillator lb which is k)cated on the external 
side. 

Original oscillation signals Oosc which consti- 
tute system clocks of 4 MHz generated by the 
oscillation circuit OSCi and original oscillation sig- 



nals ♦a which constitute timekeeping ctocks of 
32.768 KHz generated by the oscillation circuit 
OSC2 are supplied to a multiplexer MPX where 
clocks of eitiier side are selected depending upon 
5 tine set condition of a flag FLGt that designates 
ckjcks and are supplied to a clock pulse generating 

circuit CPG. 

The clock pulse generating drcuit CPG divides 
tiie frequency of oscillation signals *osc or 

10 supplied thereto via ttie multiplexer MPX or pro- 
cesses tfiem to form several kinds of Internal 

clocks +2. *3 having suitable frequencies 

and different phases. The internal clocks ♦i. 
^3 are supplied to a control block CONT which 

76 consists of a ROM tfiat stores programs, a program 
counter tiiat successively reads instructions from 
tiie program ROM, and an Instruction decoder that 
decodes the instruction codes ttiat are read out to 
form control signals for the circuits in ttie micro- 

so computer, and are furttier supplied to an execution 
btock EXEC whteh consists of various registers, 
ALU (aritiimetic logic unit) and RAM ttiat serves as 
a woric area. The program counter in the control 
block CONT and tiie execution block .EXEC are 

25 connected to an Input/output port I/O via a bus 
BUS. 

In tills embodiment, ttiere are provided a stop 
flag FLQ2 that can be set by a suitable instmction 
called stop instruction, and a status signal that 
30 indicates the content of tfie stop flag FLG2 is 
supplied to the ctock pulse generating circuit CPG 
to control the gate that Is provided at tiie inlet 
thereof. Concretely speaking, when "r is set to 
ttie flag FLG2 due to ttie stop instruction, the os- 
35 ciilation circuit OSCi for generating system ctocks 
ceases to oscillate, and a mode (hereinafter re- 
ferred to as stop mode or watch mode) is estab- 
lished in which no clock is supplied from tiie mul- 
tiplexer MPX to ttie clock pulse generating circuit 

40 CPG and none of tiie internal clocks *t , *a. *3 

are generated. Therefore, the system is under tine 
stop condition In which It does not operate at all. 

To get out of the stop mode, on tiie other 
hand, ttiere Is provided a timer intenrupt circuit TIC 
45 which generates a timer interrupt singal INT1 based 
on a signal from a frequency-dividing circuit DVD 
that divides the frequency of originaf oscillation 
signals *a ti^at constitute timekeeping clocks. The 
interrupt signal INT1 from the timer interrupt circuit 
50 TIC is supplied to ttie stop flag FLG2 to clear it to 
"0". and is also supplied to ttie flag FLGi to set It 
After tiie flag FLGi set. the multiplexer MPX which 
receives the status signal supplies to ttie clock 
pulse generating circuit CPG ttie original oscillation 
55 signal ^cx of timekeeping clock Instead of the origi- 
nal oscillation signal <<»osc of system clock. There- 
fore, the system is operated by the ctocks of a low 
frequency formed based on ttie signals Oa. and 
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assumes the low-power-consumption mode 
(subactive mode) for carrying out the operation 
such as addition and the like for timekeeping func- 
tion. 

In this embodiment, furthennore. an extemal 
intenrupt control drcuit BC Is provided to receive 
an intenrupt signal INT2 from the external unit 
When an extendi interrupt signal INTa is input in 
the stop mode (watch mode), the oxcillation drcuit 
OSC1 starts the osdilation. and the stop flags FLG2 
and f=LGi are cleared. When tiie flag FLGi is 
cleared, the multiplexer iVIPX supplies original os- 
dilation signals <Posc of system docks to the ckxjk 
pulse generating drcuft CPG. Therefore, the sys- 
tem assumes the standard operation mode (active 
mode) in which ft is operated at high speeds by the 
clocks of a high frequency fonmed by ttie ctock 
pulse generating drcuit CPG. 

Rg. 2 shows tiie transition condition of mode 
according to the above embodiment 

According to the above embodiment as will be 
obvious from Rg. 2, tiie stop instruction Is ex- 
ecuted at the final stage of executfon of an ordinary 
system program or at the final stage of a program 
for the timekeeping operation In the low-power- 
consumpti'on mode, so tfiat tfie system is trans- 
fenred to the stop mode (watch mode) in which ttie 
system docks are all extinguished. Thereafter, the 
system gets out of the stop mode (watch mode) m 
response to tiie intenrupt and assumes the tow- 
power-consumption mode (subactive mode) or ttie 
standard operation mode (active mode) depending 
upon the content of tiie flag FLGt . 

Therefore, when the system is transferred from 
tiie standard operation mode to tfie tow-power- 
consumption mode or vice versa, ttie ctocks are 
not suddenly changed from ^osc to <t>cL or from <>cl 
to ❖osc- Therefore, extremely short clock pulses 
are not fonned and tfie system Is not enroneously 
operated. 

In the above-mentioned embodiment tfie stop 
mode is transfenred again to tfie low-power-con- 
sumption mode in case ttie timer intenrupt INT1 is 
input prior to the input of interrupt signal INT2 from 
tfie extemal unit during ttie slop mode tfiat has 
transferred from the low-power-consumption mode. 

In ttie clock switching circuit of ttie above em- 
bodiment, furthermore, ttie flag FLGi is connected 
to the internal buses WB. RB to set ttie content of 
the flag FLGi depending upon ttie instmction. In 
executing ttie stop instruction, ttierefore, tiie con- 
tent of ttie flag FLGi iS arbitrarily set in advance, 
and the system is transfenred to a desired mode of 
eitfier a first mode such as the standard operation 
mode or a second mode such as the low-power- 
consumption mode when ttie next intermpt signal 
has entered. In ttie above-mentioned embodiment, 
operation of ttte osdilation circuit CSC. on tfie 



system ctock skJe is stopped during ttie stop mode 
and ttie tow-power-consumption mode. It is, how- 
ever, also altowable to transfer tfie system from tfie 
standard operation mode to tfie low-power-con- 
s sumption mode or vice versa by contrdling tfie 
switching of docks and ttie intermpt end supply of 
ctocks while tfie oscillation drcuit is in operation. 

In ttie above-mentioned embodiment furttier- 
more. ttie flags FLGt and FLG2 may be indepen- 
io dentiy constituted by ttiemseh/es, or a bit in tfie 
control register or any bit in tfie RAM may be 
allotted ttiereto. 

According to ttie above-mentioned embodiment 
as described above, tfie microcomputer ttiat in- 
75 dudes two osdilation drcurts of dissimilar oscilla- 
tion frequencies is provided witti a clock switching 
drcuit a flag ttiat designates which clocks be used 
based on ttie clock switching drcuit and a flag 
whfch indicates whetfier tfie ctocks selected by tfie 
20 dock switching drcuit be supplied to tfie system or 
not and tfie flags are set depending on ttie inter- 
rupt signal or ttie program instruction. When ttie 
system Is transfenred from ttie ordinary operation 
mode to the low-power-consumption mode or vice 
25 versa, tfie stop mode (watch mode) is passed 
through to shut off all docks, and tfie docks are 
switched during tfiis moment Therefore, all of tfie 
docks are once extinguished at tfie tfme of switch- 
ing the ctocks, and synchronism Is maintained 
30 among the ctocks. Hence, tfie system does not 
operate erroneously and is hransferred from ttie 
standard operation mode (active mode) to ttie tow- 
power-consumption mode (subactive mode) or vice 
versa. Accordingly, docks are switehed without ad- 
35 versely affecting the operation of ttie system, and 
the low-power-consumption mode is realized. 

In tiie foregoing was concretely described tfie 
invention accomplished by the present inventors by 
way of an embodiment. The present invention. 
40 however, is in no way limited to tfie above-men- 
tioned embodiment only but can be modified in a 
variety of ottier ways witfiout departing from tfie 
spirit and scope of ttie invention. Though the above 
embodiment has dealt witii tfie microcomputer pro- 
45 vided with two oscillation circuits for generating tiie 
clocks, tfie Invention can also be adapted to ttie 
one that generates ttiree or more Wnds of ctocks. 
According to ttie present invention, furttiennore. ttie 
mode is controlled using two fl^s, i.e.. a stop flag 
50 that is set by ttie stop instruction and tfiat indicates 
the stop condition of all clocks and a dock des- 
ignation flag which indicates tfie kind of clocks to 
be supplied after tfie dock stop condition is re- 
teased. i.e.. which indicates tfie direction of rrode 
55 to which the system will transfer after ttie clock 
stop condition is released, in a system in which the 
two operation modes are aitematingly repeated, 
however, tfie flag for designating tfie clocks may 



7 



EP 0 316 943 A2 



8 



be eliminated, and the n^ultiplexer MPX may be 
switched based a[\ the stop Instruction or the inter- 
rupt 

Fig. 3 is a biocic diagram of another embodi- 
ment of the case when tfie present invention is 
adapted to a single-chip microcomputer, wherein 
the circurt blocks surrounded by a broken line are 
formed on a semiconductor substrate such as of 
single crystalline silicon by the widely known tech- 
nology for fabrk^atlng the semk^onductor integrated 
circuits, though there is no particular limitation. 

The microcomputer according to this embodi- 
ment is provided with a first oscillation circuit 
(original oscillation circuit) 0SC1 for generating 
system clocks and a second oscillation circuit 
0SC2 for producing reference time pulses for 
timekeeping. The first osdilatton drcuit OSCI Is 
provided with, for example, a ceramic oscillator XI 
on the outside to oscillate at a frequency which Is 
as relatively high as about 4 MHz. To reduce the 
consumption of electric power, oscillation operation 
of tiie oscillation circuit OSCI is controlled by 
control signals C3 that will be desaibed later. The 
second oscillation circuit 0SC2 is provided witti a 
quartz oscillator X2 to oscillate at a frequency 
which is as relatively low as 32.768 KHz. The 
oscillation circuit 0SC2 is provided for performing 
the timekeeping operation and perfonns oscillation 
operation steadily. 

The output signals of tiie oscillation circuits 
OSCI and 0SC2 are converted into basic clock 
pulses CK1 and CK2 through frequency-dividing 
circuit DiVI and DiV2 that also work to shape 
waveforms. The basic clock pulses CK1 and CK2 
are supplied to ttie clock pulse generating circuit 
CPG via the multiplexer MPX which is switched by 
the control circuit CONT. The multiplexer MPX 
selectively transmits the basic clock pulses OKI or 
CK2 to the clock pulse generating circuit CPG 
depending upon the operation mode ttiat will be 
described later. 

The clock pulse generating circuit CPG divides 
the frequency of the basic ckxk pulses CKl or 
CK2 tiiat are input via the multiplexer MPX or 
processes them to form a plurality of system 
clocks <M to ^3. etc. having different phases. 

The system ctocks to ^3. etc. are supplied to 
a control block which consists of a ROM (read-only 
memory) tiiat stores programs, a program counter 
that successively reads Instructions from the pro- 
gram ROM. and an instruction decoder that de- 
codes the instmction codes ttiat are read out to 
form control signals for tiie circuits in the micro- 
computer, and are supplied to^an execution btock 
which consists of various registers. ALU (aritiimetk: 
logic operation unit) and RAM (random access 
memory) that serves as a work area. 

A microcomputer CPU is constituted by the 



above-mentioned control block and the execution 
block. The program counter In the control block 
and the execution block are connected via buses 
BUS to an input/output port I/O. a timer circuit TM, 
5 and various control flags. The internal buses BUS 
are made up of address bus, data bus and control 
bus. 

The clock pulse generating circuit CPG of this 
embodiment does not steadily form the above- 

10 mentioned system clocks *1 to <^3, etc. in re- 
sponse to the basic cbck pulses CKl or CK2 input 
through tfie multiplexer, and is controlled for Its 
operation by the control signals C2 . In order tiiat 
the system clocks <^ to ^3, etc. are generated in 

/5 synchronism with the switched basic clock pulses 
CK1 or CK2, the control signals 02 fonmed by the 
controller CONT are passed through the synchro- 
nizing circuit SYNC to maintain synchronism with 
the basic clock pulses OKI or CK2. 

20 The bask: clock pulses CK2 for timekeeping 
are supplied to the timekeeping circuit TM which 
divides tiie frequency of the fc>aslc clock pulses 
CK2 to form time pulses such as 1 -second pulses 
IS. The time pulses IS are supplied to an Interrupt 

25 flag INTF to serve as a factor of interrupt The 
intemjpt processing by the time pulse IS des- 
ignates timekeeping operation for tiie control block 
In tiie CPU. For example, if there develops Inten-upt 
due to tiie time pulse IS. tiie control block In tiie 

30 CPU reads tiie data of seconds stored In tiie RAM 
that serves as a work area, adds + 1 thereto, and 
writes it onto the RAM as new data of a unit of a 
second. In this case, if there Is a carry. +1 is 
added to the data of minute in the same manner as 

35 described above. Likewise, if there is a carry, tiie 
data of hour, the data of day or tiie data of week is 
Increased. As described above, the time-keeping 
operation is realized by fundamentally effecting tiie 
interrupt after every second to increase the data of 

40 second, and by adding 1 to other data depending 
upon the presence or absence of can-y. 

It is also allowable to carry out tiie timekeeping 
operation in shorter tiian one second by inputting 
suitable offset data from tiie internal buses BUS to 

45 the timekeeping circuit TM and generating the time 
pulse 1S at a period of shorter than 1 second. 

According to tiiis embodiment, there is pro- 
vided a flag REG tiiat can be set by a suitable 
instruction called stop instruction STOP, and a sta- 

50 tus signal LPM (low power mode) that represents 
the content of tiie stop flag REG Is supplied to the 
control circuit CONT. The signal LPM consists of 
two bits, i.e., a stop STP and a stand-by signal 
SBY to produce tiiree statuses consisting of the 

55 aforementioned active mode, a watch mode and a 
subactive mode that will bo described later. 

In tiie active mode, the flag REG is cleared as 
shown in the waveform diagram of Rg. 4 and in the 
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status transition diagrams of Rg. 5. In response to 
the low level of signals STP and SBY. the control 
circuit CONT places the osdilatton drcuit OSCI 
under the oscillating condWon upon receipt of con- 
trol signal C3. and switches the multiplexer MPX to 
the side of the basic clock pulses CK1. The clock 
pulse generating circuit CPG ttierefore generates 
system clocks ^cpu {*1 to etc.) of a high 
frequency fcye corresponding to the basic clock 
pulses CK1. 

In such an active mode, if tt)e stop instruction 
STOP is executed and tfie signals STP and SBY 
are set to tiie high level relative to tiie stop flag 
f^£G, tiie control drcuit CONT designates opera- 
tion for transfening the system from the active 
mode to the watch mode depending upon tiie high 
level (logic "1"). That is. in the watch mode, the 
osdilation drcuit OSCI stops the osdilation opera- 
tion and the dock pulse generating circuit CPG 
stops Its operation, too. Therefore, the system 
ctocks 0CPU (<A to ^3. etc.) are not supplied to the 
CPU. In tiie watch mode, tt>ere are produced nef- 
ttier tiie system docks ^cpu nor tiie clock pulses 
<frpEH for peripheral circuits. However, tiie dock 
pulses ^cLK that setve as time bases for maintain- 
ing the timekeeping function have a low frequency 
fsuB based on tiie basic clock pulses CK2. 

A flag LSON designates ttie low-speed-on con- 
dition and means that it Is on the upper status In 
the transition diagram of Rg. 5 when it has the 
logk: "0", and means ttiat it is on tiie lower status 
when it has tiie logic "1". As will be described 
later, this is used as an Indication when ttie system 
is transfenred from ttie watch mode to otiier active 
mode or subactive mode. For example, when tiie 
timekeeping function only is to be carried out, the 
flag LSON is set to ttie togic "1 - prior to executing 
tiie stop instruction STOP. 

In tiie watch mode as described above, ttie 
oscillation drcuit 0SC2 for timekeeping is under 
the osdllating condition, and the timekeeping cir- 
cuit TM only is in operation in response ttiereto. 
Therefore, otiier circuits assume ttie mode In which 
the cun^ent is not logically consumed. 

In tills embodiment, when the timekeeping 
function only is to be carried out by setting ttie 
logic "1 " to ttie flag LSON, ttie Intenrupt flag INTF 
makes access to tiie control drcuit CONT when a 
1 -second pulse IS Is produced from ttie timekeep- 
ing circuit TM and designates tiie change of mode 
into the subactive mode. In response thereto, ttie 
control circuit CONT switches ttie multiplexer MPX 
to tiie basic clock pulses CK2. The synchronizing 
drcuit SYNC generates control signals C2 in syn- 
chronism wltii tfie switched basic clock pulses 
CK2. so tiiat ttie clock pulse generating drcuit CPG 
resumes its operation. Therefore, the ckx:k pulse 
generating drcuit CPG generates system ctocks 



*cpu (*1 to ^3. etc.) for ttie CPU of a low fre- 
quency fsuB based on ttie basic dock pulses CK2 
for timekeeping. Conaetely speaking, In resuming 
ttie operation of tiie clock pulse generating drcuit 
5 CPG. tiie control signals C2 for corrtrolling ttie 
togic gate ttiat transmits ttie basic clock pulses 
CK2 to tfie input of the dock pulse generating 
drcuit CPG, are generated by ttie synchronizing 
circuit SYNC in synchronism witti ttie clock pulses 
10 CK2. Therefore, narrow pulses or wide pulses are 
not generated in tiie system docks <^cpu (<M to ^3, 
eta) tfiat are formed by tfie clock pulse generating 
drcuit CPG. 

The interrupt flag INTF, on ttie otiier hand, 
15 actuates the control block of ttie microprocessor 
CPU and adds +1 to canry out tiie timekeeping 
operation as described above. TTie system returns 
again to ttie watch mode by ttie execution of the 
stop instruction STOP tfiat Is inserted in tfie Inter- 
so rupt processing program at tfie final stage of tfie 
timekeeping operation. 

As described above, tiie system docks <^cpu 
are fonned by utilizing l>aslc dock pulses CK2 tiiat 
are formed by tiie osdilation drcuit 0SC2 for 
25 timekeeping while ttie timekeeping operation is be- 
ing canted out and tfie oscillation drcuit OSCI of 
a high frequency Is not at all operated to add +1 
using ttie miaoprocessor CPU maintaining a rela- 
tively short time interval such as one second as 
30 described above. Therefore, ttie current is not 
wastefully consumed from ttie start of osdilation 
until ttie osdilation Is stabilized. 

There exist ttiree statuses as described below 
when tiie system returns to tiie active mode. 
35 One of them will now be described. When tfie 
system is In the watch mode under tiie condition 
where tfie flag LSON is set to tfie logic "1", tiie 
intemjpt flag INTF is started from the external 
inten-upt temninal INT and the system is once 
40 transfenred to ttie subactive mode in a manner as 
described above. The intenrupt flag INTF Infomis 
tfie execution block of tiie microprocessor CPU of 
tiie fact tiiat tiie interrupt is due to an external 
factor, clears tiie flag LSON to ttie logic "0" by ttie 
45 intenupt processing so ttiat tiie interrupt process- 
ing in ttie tirst stage is finished. Owing to tfie 
execution of ttie stop instmdion STOP when ttie 
Intemjpt processing Is finished, the system trans- 
fers to tfie watch mode (LSON = "0") on tiie 
50 upper side In tfie status transition diagram of Rg. 
5. The intemjpt flag INTF is started again from ttie 
external intemjpt terminal INT. so ttiat the adive 
mode is assumed. In this case, tiie control circuit 
CONT generates control signals C3 so tfiat the 
55 oscillation circuit OSCI starts to oscillate, and ttie 
multiplexer MPX is switched to tiie side of tfie 
basic ck)ck pulses CK1. After ttie oscillation of tfie 
oscillation circuit OSCI is stabilized, tfie ck>ck 
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pulse generating drcuit CPG resumes the opera- 
tion in synchronism with the basic clock pulses 
CK1. Therefore, the oscillation drcuit 0SC1 under- 
goes the oscillation, and the system clocks *cpu - 
(<»1 to <^3, etc.) supplied to the CPU and the ckxM 
pulses ^peR for peripheral drcuits have a high 
frequency fcyc according to the basic ctock pulses 
CKI. 

As described above, with the flag DTON being 
set to the logic "r instead of applying the external 
Interrupt two times, the watch mode (LSON = T) 
is automatically changed in the system to the 
watch mode (LSON » -0") through the subactive 
mode by the external intenrupt of one time, and Is 
returned to the active mode, m other words, when 
the flag DTON is set to the togic the control 
drcuit CONT automatically executes the operatfon 
for switching the ctocks as described above. 

The remaining one stands for the case when 
the flag LSON is set to the logic "0" while the 
system is transferred from the active mode to the 
watch mode. In this case, the system is transfen-ed 
to the active mode in response to one intemipt. 
This interaipt includes the interrupt by the timer 
drcuit TiVI for the timekeeping operation. Attention, 
therefore, should be given to tiiat switching from 
the watch mode to Uie active mode involves opera- 
tion for starting ttie osdilalkxi drcuit 0SC1 in a 
traditional manner. 

Furtf^er. a variety of flags for designating the 
operations of ttie control circuit CONT that switches 
tiie ck)cks in tiie above embodiment are connected 
to the Internal buses BUS. such tiiat tiie content of 
the flag is set depending upon tiie instructions. 
Therefore, by arbitrarily setting tiie content (LSON) 
of the flag in advance at the time of executing ttie 
stop instruction, tiie system can be transferred, 
when a next intenrupt signal is input, to a desired 
mode of either ttie active mode such as ttie stan- 
dard operation mode or ttie subactive mode which 
cames out ttie timekeeping operation only. Witti 
tiie flag DTON being set. furthermore, ttie watch 
mode can be automatically returned to ttie active 
mode by one time of external interrupt as de- 
scribed eariier. 

The functions and effects obtained from ttie 
above-mentioned embodiment of Rg. 3 are de- 
scribed below. 

(1) Oscillation output signals are selectively 
transmitted to a clock generating circuit via a mul- 
tiplexer, ttie oscillation output signals being gen- 
erated by ttie first oscillation circuit whose osdlla- 
tion operation of a relatively high frequency is 
controlled according to predetennined control sig- 
nals and by tiie second osdilation drcuit which 
steadily carries out ttie oscillation operation at a 
relatively tow frequency. Furttienmore. ttie ctock 
generating operation Is started in synchronism witti 



ttie oscillation outputs ttiat are switched via an 
operation mode which once stops ttie operation of 
ttie clock generating -circuit. In ttiis constitution, 
osdilation operation at a relatively high frequency 
5 of ttie oscillation drcuit is stopped as required, and 
operation of ttie dock generating circuit is once 
stopped when ttie ctock frequency Is to be 
changed and. ttien, tiie dock generating operation 
is resumed In synchronism witti ttie osdilation fre- 
10 qiiency that is dianged. When ttie clock pulses 
having dissimilar frequencies are to be switched, 
therefore, undesired hair-like dock pulses are not 
produced, and the operation is stably canled out 
(2) The second oscillation drcuit is used as 
75 an oscillation circuit for timekeeping, and system 
clocks are fomied by ttie oscillation pulses for 
timekeeping In ttie low-power-consumption mode In 
which ttie first oscillation drcuit is not In opwation. 
such ttiat ttie CPU carries out ttie timekeeping 
20 operatfon. Therefore, ttiere is no need of starting 
ttie first osdilation drcuit ttiat is set to operate at a 
relatively high frequency maintaining a short inter- 
val of. for example, at least one second. This 
makes it possible to reduce the consumption of 
ss electric current that would be consumed in rela- 
tively large amounts by ttie first osdilation drcuit 
from ttie start of tiie first osdilation drcuit until ttie 
osdilatfon is stabilized. Therefore, ttie operation is 
stabilized and ttie consumption of electric power Is 
30 reduced. 

In ttie foregoing was concretely described the 
Inventfon accomplished by ttie present inventors by 
way of embodiments. The present invention, how- 
35 ever, is in no way limited to the above-mentioned 
embodiments only but can be modified in a vanety 
of ottier ways wittiout departing from ttie sptnt and 
scope of ttie invention. For example, operation of 
ttie oscillation circuit 0SC1 on ttie side of ttie 
40 system clocks is stopped during ttie watch mode 
and ttie subactive mode. However, it is also allowa- 
bte to stay in the low-power-consumption mode m 
which tiie osdilation circuit OSCI is in operation 
but the ctock generating circuit CPQ is not in 
45 operation when ttie flag LSON has the togic "0" or 
even in the watch mode by providing ottier flags. 
S'mce ttiere is no time for waiting for ttie start of the 
oscillation circuit OSCI. the watch mode can be 
switched to ttie active mode at a high speed. The 
50 flags in the aforementioned embodiments may be 
constituted independentiy by tiie flip-flop circuits, 
or a bit in ttie control register or a given bit in ttie 
RAM may be allotted tiiereto. 

The synchronizing circuit resumes the opera- 
55 tion in synchronism witti ttie basic clock pulses 
CKI or CK2 obtained by switching the clock pulse 
generating circuit CPG, and generates ttie gate 
control signals that will be input to ttie clock pulse 
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-generafing drcuit CPG in synchi-onlsm with the 
atwwe-mentioned switched tjasic dock pulses CK1 
or CK2. Moreover, the synchronizing drcuft may be 
constituted in various other forms. For example, the 
output unit of the clock pulse generating circuit 
CPG may be provided with a gate drcuit to control 
the output tim&ig- thereof. Or. the ffip-Oop circuit 
constituting the dock pulse generating drcuit may 
be forcibly reset and may then be released In 
synchronism with the basic ctock pulse CK1 or 
CKZ, 

The foregoing description has chiefly dealt with 
the case 'vvhere tfie invention accomplished by the 
present Inventors is adapted to a 1-chlp microcom- 
puter having the tow-power-consumption mode in 
the field of art that serves as the background of the 
invention. The invention, however, is in no way 
limited tfiereto only but can be widely adapted to a 
variety of semlcondudor integrated drcuit devices 
that supply to tfie internal drcuits in a switched 
manner a plurality of dock pulses having different 
osdilation frequencies asynchronously. 



Ctafms 

1. A semiconductor integrated drcuit. in par- 
ticular a microcomputer, comprising: 
a first osdilation drcuit (OSCI) for producing sig- 
nals of a first frequency; 

a second oscillation drcuit (0SC2) for producing 
signals of a second frequency different from said 
first frequency; 

a dock generating drcuit (CPG) for fonnlng first 
clock signals or second dock signals based on the 
output signals of said first osdilation circuit (OSCI) 
or the output signals of said second oscillatk)n 

circuit (0SC2): 

data processing means (EXEC; CPU) whose opera- 
tion is controlled based on said clock signals; and 
control means (CONT) for controlling the output 
timing of said clock generating circuit (CPG): 
wherein said control means (CONT) has a perfod in 
which a constant level signal is produced from the 
completion of production of said first ckx* signal to 
the start of production of said second dock signal, 
and the timing for producing the second clock 
signal is controlled to be in synchronism with the 
signal produced by the second osdilation circuit 
(0SC2). 

2. The semiconductor integrated drcuit accord- 
ing to claim 1. further comprising a timekeeping 
circuit (TIC: TM) the operation of which is con- 
trolled based on the output signals of said second 
oscillation drcuit (0SC2) and which produces 
pulses for measuring the time, wherein said data 



processing means (EXEC; CPU) executes ttie in- 
crement operation of time data based on said 
pulses for measuring the time. 

3. The semiconductor integrated drcuit accord- 
5 ing to daim 2. wherein said increment operation is 

contrdled based upon said second ckxk signals. 

4. The semiconductor Integrated circuit accord- 
ing to daim 3. wherein the operation of said first 
osdilation circuit (OSCl) is stopped during the 

10 period of at least said second increment operation. 

5. The semiconductor integrated drcuit accord- 
ing to any one of daims 1 to 4. wherein said 
contrd means (CONT) has at least one register for 
supplying control signals to said control means. 

'5 6. The semiconductor integrated circuit accord- 
ing to claim 5. wherein said register and said data 
processing means (EXEC: CPU) are coupled to- 
gether via an internal bus. and the data are written 
onto sakJ register by said data processing means 
20 (EXEC; CPU). 

7, The semiconductor integrated drcuit accord- 
ing to claim 6, wherein ttie output condition of said 
clock generating drcuit (CPG) is designated to 
produce said first c\ock signals, to produce said 

25 second clock signals or not to produce clock sig- 
nals, depending upon tiie data in said register. 

8. The semiconductor Integrated drcuit accord- 
ing to any one of claims 1 to 7, wherein said first 
osdilation drcuit (OSCI) is coupled to a first exter- 

30 nal terminal for coupling a ceramic osdilator (la; 

XI). the said second osdilation drcuit (0SC2) is 

coupled to a second external temilnal for coupling 

a quartz oscillator (lb: X2). 

a The semiconductor integrated drcuit accord- 
35 Ing to any one of dalms 1 to 8. which further 

comprises: 

a first ftequency-divkJing drcuit (DIVl) for dividing 
the frequency of output signals of said first oscilla- 
tion circuit (OSCI): 
40 a second frequency-dividing circuit (DIV2) for divid- 
ing tf^e frequency of output signals of said second 
osdilation drcuit (0SC2); and 
a multiplexer (MPX) for selectively supplying the 
output signals of said first frequency-dividing drcuit 
45 (DIVl) or the output signals of said second 
frequency-dividing drcuit (DIV2) to said ck)ck gen- 
erating drcuit (CPG). 

10. The semfconductor integrated circuit ac- 
cording to any one of claims 1 to 9. wherein said 
so data processing means (EXEC: CPU) includes stor- 
age means for storing tiie time data, a micro ROM 
for storing instructions tfiat designate said incre- 
ment operation, and an execution unit that is con- 
trolled by the micro ROM. 
55 11. The microcomputer according to any one 
of claims 1 to 10, 

wherein said data processing means includes a 
CPU whose operation is controlled based on said 
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clodc signals: and 

wherein said control means (CONT) does not pro- 
duce a clock signal in the period from the comple- 
tion of production of said first clock signal to the 
start of production of said second clock signal. 
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